Objective: A subset of meningiomas recur after surgery and radiation therapy, but no medical therapy for recurrent meningioma has proven effective.
available, patients with meningiomas have very few treatment options. A variety of cytotoxic chemotherapy agents and targeted molecular therapies have been tried without evidence of efficacy. [2] [3] [4] The failure to find effective targeted agents is disappointing in light of major recent advances in understanding the biology and molecular pathogenesis of meningiomas. 5, 6 In a recent study of the platelet-derived growth factor receptor inhibitor imatinib for recurrent meningiomas, overall median progression-free survival (PFS) was only 2 months, and 6month PFS (PFS6) was 29%. 7 There were no radiographic responses. For benign meningiomas, median PFS was 3 months, and PFS6 was approximately 40%. For atypical and malignant meningiomas, median PFS was 2 months, and PFS6 was 0%. The Response Assessment in Neuro-Oncology (RANO) Working Group recently analyzed all of the published clinical trials of medical therapy in recurrent meningioma and calculated weighted PFS6 averages to be used as benchmarks for future studies. The suggested benchmarks are 29% for benign (WHO grade 1) meningiomas and 26% for atypical and malignant tumors. 8 Nearly 90% of meningiomas express somatostatin receptors, especially the sst2A subtype. This accounts for the antiproliferation effects of somatostatin on meningioma cells in vitro. 9, 10 A recent pilot study examined the impact of a sustained-release somatostatin preparation (Sandostatin LAR; Novartis, East Hanover, NJ) on 16 patients with recurrent meningiomas. 11 To confirm that all of the tumors expressed somatostatin receptors, indium 111octreotide gamma scanning was performed. After 3 months of therapy, nearly one-third of patients had achieved partial response and similar proportions had stable disease and progressive disease. The drug was very well tolerated, and the cohort had a PFS6 of 44%, which is superior to previously published results.
Similar to octreotide, pasireotide LAR (Signifor LAR, Novartis) has a favorable adverse-effect profile. Pasireotide LAR exhibits a binding affinity for human somatostatin receptors 1, 3, and 5 that is substantially higher than octreotide. This suggests that pasireotide may be more effective against meningioma, as has been observed in some cases of metastatic carcinoid tumors. 12 Therefore, we designed an open-label, singlearm, phase II study of monthly pasireotide LAR for patients with recurrent or progressive meningioma. The primary endpoint was PFS6, and patients were stratified into 2 cohorts (cohort A: atypical/malignant meningiomas; cohort B: benign meningiomas).
METHODS Primary research question. Does treatment with pasireotide LAR 60 mg IM every month prolong PFS6 in patients with recurrent or progressive meningioma? This study provides Class IV evidence that it does not. In 18 patients with atypical/malignant meningiomas (cohort A), PFS6 was only 17%. In 22 patients with benign meningiomas (cohort B), PFS6 was 50%.
Study objectives. The coprimary objectives were PFS6 in each cohort; secondary objectives were overall survival (OS), radiographic response rate, and safety; and the exploratory objective was to correlate outcome with tumor tissue somatostatin receptor (SSTR) immunohistochemistry, octreotide scanning, and serum insulin-like growth factor-1 (IGF-1) levels.
Eligibility criteria. Subjects were at least 18 years old, had a life expectancy of at least 3 months, and had Karnofsky performance status of at least 60. Eligible subjects had histologically confirmed recurrent or progressive meningioma of any grade. Central pathology review was completed for all subjects (by K.L.). Patients with neurofibromatosis type 2 or a classic radiographic appearance of meningioma were permitted to enroll without histologic confirmation. Subjects were required to have radiographically measurable disease. There was no limit on the number of previous therapies, but previous somatostatin or other hormonal therapies for meningioma were not permitted. At least 4 weeks had to have elapsed from previous antitumor therapy. Subjects were excluded if they had poorly controlled diabetes mellitus, symptomatic cholelithiasis, or QT interval prolongation. Adequate bone marrow and organ function were required.
Treatment plan. Pasireotide LAR (SOM230C) was administered IM every 4 weeks, at a starting dose of 60 mg. Treatment continued until subjects developed progressive disease or unacceptable toxicity. During treatment, physical and neurologic examinations were completed every 3 months after an initial period of bimonthly examinations. Brain imaging with MRI was performed at baseline, after 2 months, and then every 3 months. Serum IGF-1 levels were checked at the same time points. Octreotide scans were performed before the start of therapy, using a 111-indium pentetreotide tracer.
Dose interruption was required for any CTCAE (Common Terminology Criteria for Adverse Events) version 3.0 grade 3 or 4 toxicity judged as at least possibly study drug-related. A dose reduction to 45 mg was required after a treatment delay up to 14 days. A dose reduction to 30 mg was required after a treatment delay of 15 to 28 days. If the toxicity failed to return to grade 1 or less after a 28-day delay, study drug discontinuation was required. Discontinuation was also required for recurrence of the same event after a delay and dose reduction. For subjects who developed hyperglycemia, dose delay and modification were not required unless glucose control could not be achieved despite optimal medical management.
Response assessment and statistical analysis. Responses were assessed using modified Macdonald criteria, in which partial response is defined as at least a 50% reduction in maximum crosssectional area of enhancing tumor, complete response as elimination of enhancing tumor, progressive disease as at least a 25% increase in maximum cross-sectional area of enhancing tumor, and stable disease as all other conditions. 13 Patients were stratified into 2 cohorts with a planned sample size of 40 patients (cohort A: 18 atypical/malignant meningiomas; cohort B: 22 benign meningiomas). Subjects who received at least one dose of pasireotide LAR were evaluable for toxicity and response. In cohort A, the sample size was calculated to have 83% power to detect a difference between the null hypothesis (PFS6 5 5%) and the alternative hypothesis (PFS6 5 30%) using a one-sided, binomial hypothesis test with a target significance level of 0.05. In cohort B, the sample size was calculated to have 81% power to detect a difference between the null hypothesis (PFS6 5 40%) and the alternative hypothesis (PFS6 5 70%) using a one-sided, binomial hypothesis test with a significance level of 0.05. Descriptive statistics were used to summarize results. The Kaplan-Meier technique was used to estimate PFS and OS. The 95% confidence intervals (CIs) were calculated for all point estimates.
Immunohistochemistry. Immunohistochemistry of tumor samples was performed according to a previously published protocol. 14, 15 Rabbit monoclonal primary antibodies included anti-SSTR1 (Abcam ab137083, 1:30), anti-SSTR2a (Abcam ab134152, 1:100), anti-SSTR3 (Abcam ab137026, 1:500), and anti-SSTR5 (Abcam ab109495, 1:600). Antibody binding was detected using a diaminobenzidine-peroxidase visualization system (EnVision1; Dako, Carpinteria, CA). Mayer's hematoxylin was used for counterstaining.
Immunoreactivity was scored manually and semiquantitatively and took into account the percentage of tumor cells stained and the intensity of the stain. Staining percentage scoring was as follows: 0 5 no tumor cells demonstrating membranous/cytoplasmic positivity; 11 5 ,10% tumor cells positive; 21 5 10%-70% tumor cells positive; and 31 5 .70% tumor cells positive. The staining intensity of immunoreactive cells was scored using a 3-level scale: 11 5 weak intensity; 21 5 intermediate intensity; and 31 5 strong intensity. All intensities were relative to control staining in human pancreas islet cells. Univariate Cox regression models were constructed to assess the statistical relationships between SSTR levels and PFS or OS.
Standard protocol approvals, registrations, and patient consents. The study was approved by institutional review boards at all of the participating sites. Written informed consent was obtained from all participants. The study is registered in ClinicalTrials.gov (NCT00859040).
RESULTS
Patient characteristics. Eighteen patients were accrued to cohort A (12 atypical meningiomas and 6 malignant meningiomas) and 16 to cohort B between March 2009 and June 2011 at 8 brain tumor centers in the United States. Cohort B was halted prematurely because of slow accrual and lack of efficacy observed in cohort A. Patient characteristics are summarized in table 1. Overall, the population was heavily pretreated with previous radiation therapy (n 5 17, 94%) and previous systemic therapy (n 5 10, 56%) in the majority of cohort A subjects. Cohort B was also pretreated but had lower rates of radiation therapy (n 5 11, 69%) and systemic therapy (n 5 3, 19%). In cohort A, 5 patients (28%) had 3 or more previous radiation therapies and more than one previous systemic therapy. Patients had many prior surgical resections, with a range of 0-12 operations (median 2), and 6 patients study-wide (18%) had 4 or more operations.
Response and survival. The majority of patients came off treatment because of progressive disease (n 5 28, 82%). Other reasons for completion of study therapy included withdrawal of consent to pursue alternative therapy (n 5 1), unacceptable toxicity (n 5 2), and physician decision (n 5 1). Two patients remain on treatment at the time of analysis. There were no radiographic responses. Of 32 evaluable patients, 24 (75%) had stable disease as their best response. Twelve patients in cohort A (67%) achieved stable disease for a median of 4 cycles (range 2-12), and 13 patients in cohort B (81%) achieved stable disease for a median of 7 cycles (range 2-35).
At the time of analysis, 15 patients (44%) had died, 10 in cohort A and 5 in cohort B. Overall, median OS was not reached, median PFS was 18 weeks (95% CI: [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , and PFS6 was 32%. In cohort A, median OS was 104 weeks (77-158), median PFS was 15 weeks (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , and PFS6 17%. In cohort B, median OS was not yet reached, median PFS was 26 weeks (12-43), and PFS6 was 50%. PFS data are summarized in figure 1.
Toxicity. The treatment was generally well tolerated. Adverse events that were at least possibly related to pasireotide LAR are summarized in table 2. Serious events occurred in small numbers and included hyperglycemia, hypoglycemia, elevated amylase, elevated lipase, fatigue, and hypokalemia. Two patients discontinued study treatment because of toxicity (one with persistent grade 3 amylase and one with persistent grade 3 lipase). Had a third patient not progressed, he would have come off of treatment as well because of persistent grade 3 lipase. There were no treatmentrelated deaths. Common, mild toxicities included fatigue, nausea, diarrhea, flatulence, abdominal pain, headache, transaminase elevation, and hyperglycemia.
Exploratory studies. Serum IGF-1 levels were checked at baseline and every 3 months. In 25 cases, 2 or more measurements were obtained. The IGF-1 level decreased in all but 5 (20%) of these cases (figure 2). There was no relationship observed between the direction or magnitude of IGF-1 level change and PFS.
Baseline octreotide scans revealed at least intermediate octreotide uptake in 30 of 32 (94%) tumors (table e-1 on the Neurology ® Web site at Neurology.org). Octreotide uptake did not correlate with PFS.
Immunohistochemistry stains were scored as described above and then scores were analyzed as continuous variables (figure 3, table e-2). Percentage of staining for SSTR3 was predictive of favorable OS (hazard ratio 0.44, p 5 0.02) and PFS (hazard ratio 0.64, p 5 0.04). SSTR1, SSTR2, SSTR4, and SSTR5 staining were not predictive. For subjects whose tumors showed no SSTR3 staining, PFS6 was 10%; for subjects whose tumors showed any SSTR3 staining, PFS6 was 37% (p 5 0.07). Other comparisons and multivariate analysis could not be performed because of inadequate sample size. DISCUSSION In this phase 2 study of pasireotide LAR for recurrent meningioma, there was no definite evidence of antitumor activity. None of the subjects Table 2 Adverse events judged at least possibly related to pasireotide LAR
Adverse event
No. of events (no. of patients affected) had radiographic responses. In cohort A, PFS6 was 17%, and in cohort B, PFS6 was 50%. Interpreting PFS results in meningioma trials has been challenging because there are no large, historical datasets for comparison. The benchmarks suggested by the RANO Working Group will be helpful in this regard. 8 It is important to note that the heterogeneity inherent in published studies results in wide CIs around the RANO benchmarks (benign meningiomas: 29% [95% CI: 20%-38%]; atypical/malignant meningiomas: 26% [95% CI: 19%-33%]). This degree of variability makes it possible to miss a weak efficacy signal, particularly in the context of a relatively small sample size. The RANO report suggests that a PFS6 ,30% should be considered "not of interest" in studies of atypical/malignant meningiomas. For benign meningiomas, a rate ,40% would not be of interest but .50% would "probably be of interest." The current PFS6 result of 17% in cohort A is far from the 30% threshold for potential efficacy established by RANO. In cohort B, the PFS6 result is 50%, which might be considered borderline in comparison to the RANO benchmark for benign meningiomas. Considering both cohorts together and the relatively small sample size, we do not recommend further investigation of pasireotide in unselected patients with recurrent meningioma. It is also important to note that there are no accepted and widely available response criteria for use in meningioma clinical trials, 16 although the RANO Working Group is in the process of developing them. While volumetric measurements might be more accurate than the 2-dimensional Macdonald criteria measurements developed for use in glioma trials, practical concerns mandated that we use the more traditional 2-dimensional approach. Given the short PFS times reported here, it seems doubtful that the measurement approach we selected accounts for the lack of observed efficacy. In addition, because meningiomas often have inconsistent and unpredictable growth kinetics, future clinical trials may be improved by examining pretreatment growth rates and comparing them with posttreatment growth rates.
In an effort to identify a subgroup of subjects who may benefit from pasireotide LAR therapy, we assessed a number of putative biomarkers including serum IGF-1 levels, octreotide scans, and SSTR immunohistochemistry. Of note, in this dataset, tumors with increased SSTR3 expression showed a possible trend toward more favorable outcomes. Because this was a single-arm study, one cannot necessarily attribute the benefit to pasireotide therapy, because the SSTR3 subgroup might also represent a subgroup with improved prognosis. There are no published data that would help to distinguish between these possibilities. In addition, small sample numbers precluded testing for the proportional hazards assumption or performing multivariate analysis, which would have been required to exclude the possibility that the findings reflect confounding by known prognostic factors. It is worth noting that earlier reports suggest that SSTR3 may trigger apoptosis via a p53-dependent mechanism. 9, 17 In pituitary tumors, SSTR3 may mediate the antineoplastic effects of somatostatin analogs. 18, 19 This intriguing possibility warrants further investigation.
An unresolved question is how one can reconcile these generally disappointing results with the promising ones reported in a pilot study of sustained-release octreotide. 11 That pasireotide has higher sst2A binding affinity than octreotide (1.0 vs 0.4 nmol/L) 20 has been used as a rationale for pasireotide therapy. However, recent data suggest that despite both binding with high affinity, octreotide and pasireotide may have different effects on the SSTR. 21, 22 Specifically, after undergoing endocytosis provoked by ligand binding, sst2A receptors appear to return to the plasma membrane much more rapidly when exposed to pasireotide than octreotide. 22 In theory, this might increase the availability of functional receptors to bind endogenous ligands. This would not explain why our results are consistent with 2 more recent studies of octreotide for recurrent meningioma in which no compelling evidence of activity was observed. 23, 24 Despite the limitations noted above, the results of this phase 2 study of pasireotide LAR in patients with recurrent meningioma suggest that the agent has limited activity. It is unclear whether there is a role for other somatostatin analogs in the treatment of meningiomas.
Patients with recurrent or progressive meningiomas who are no longer candidates for further surgical resection, radiation therapy, or radiosurgery have limited treatment options, with no approved medical therapies or standards of care. This well-conducted multicenter single-arm phase II study evaluated whether the longacting somatostatin analog pasireotide LAR had any efficacy in this patient population. 1 Somatostatin receptors are widely expressed in meningiomas and somatostatin analogs have antimeningioma activity in vitro and in small clinical series.
Eighteen patients with atypical (grade 2) or malignant (grade 3) meningiomas and 16 with benign (grade 1) tumors received pasireotide LAR monthly at the standard doses used in trials for Cushing disease. Although pasireotide LAR was well-tolerated, there were no radiographic responses and the progressionfree survival at 6 months (PFS6) rates were too low (17% of grade 2 or 3 meningiomas and 50% of grade I meningiomas) to suggest efficacy.
There are several unanswered questions on how phase 2 trials can best screen drugs that could be active in meningiomas. A limitation of single-arm phase 2 trials is the lack of good historical control data. The Response Assessment in Neuro-Oncology (RANO) working group has reported PFS6 benchmarks based on available literature. 2 However, meningiomas have heterogeneous growth kinetics and rare tumor responses with standard therapies; there is no established correlation between PFS6 and survival endpoints; enrollment of patients has been difficult and slow; and existing studies have had variable designs, inclusion criteria, and endpoints. PFS6 may not, therefore, be the best surrogate marker. Better reporting on tumor growth rates at baseline could be useful in evaluating decisions to proceed to larger confirmatory efficacy trials. More well-conducted trials such as the one reported by Norden and colleagues 1 are needed and patients with meningiomas who are not candidates for standard treatments should be encouraged to enroll.
